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management of the aircraft, and the supplementary module
may implement supplementary functionalities specific to an
entity to which the aircraft belongs. The mission management
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1
MISSION MANAGEMENT SYSTEM OF AN
AIRCRAFT

PRIORITY

This application claims priority to Application No.
FR1455559 filed Jun. 17, 2014, which is hereby incorporated
by reference in its entirety. This application also claims pri-
ority to Application No. FR1361660 filed Nov. 26, 2013,
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The technical area of the present disclosure relates to sys-
tem(s), method(s) and/or apparatus(es) for a management of
a mission of an aircraft, for example, a mission management
of a transport airplane.

BACKGROUND

In one context, a mission of an aircraft relates to a move-
ment on the ground and/or in flight of the aircraft between two
particular positions, while observing a certain number of
particular conditions (procedures, airways, time constraints,
speed constraints, cruising level, cost index, etc). For a com-
mercial airplane, a mission of that airplane may involve a
complete trip from a boarding gate of an airport of departure
(or of origin) and a landing gate of an airport of arrival (or of
destination).

Thus, mission management involves managing both the
navigation in flight (flight phase) and the airport navigation
(ground phase). Through the document US-20100145605
(hereby incorporated by reference in its entirety), a device for
assisting in the airport navigation of an aircraft is known, the
object of which is to perform ground/flight continuity during
a movement of the aircraft. This document defines one prin-
ciple of a flight time prediction from a boarding gate to a
landing gate. However, implementing this principle requires a
powerful architecture.

SUMMARY

One or more aspects of the disclosed subject matter are
directed to managing a mission of an aircraft, such as man-
aging a mission of a commercial airplane, that address one or
more shortcomings of conventional system(s), method(s)
and/or apparatus(es). In an aspect of the present invention, a
novel architecture is proposed to manage a mission of an
aircraft. The novel architecture enables managing of both the
movement on the ground (ground phase) and in flight of an
aircraft (flight phase), and to compute predictions of the mis-
sion, which is powerful. The proposed architecture allows
while guaranteeing short response times.

An embodiment of the present invention is directed to a
mission management system configured to manage a mission
of an aircraft. The mission management system may com-
prise a flight management system (FMS) and an airport navi-
gation unit. The flight management system comprise a flight
management unit configured to define and manage a flight
plan and an associated flight trajectory for a flight phase of the
mission. The airport navigation unit may be configured to
define and manage a ground taxiing plan on an airport and an
associated taxiing trajectory for at least one ground phase of
the mission.

The mission management system may further comprise a
mission management (MM) unit linked to the flight manage-
ment unit and to the airport navigation unit. The MM unit may
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be configured to manage a continuity between the ground and
flight phases of the mission and mission prediction computa-
tions.

The flight management system may comprise a core mod-
ule and a supplementary module. The core module may be
configured to implement generic functionalities related to a
management of the flight of the aircraft. The supplementary
module may be configured to implement specific supplemen-
tary functions. The core and the supplementary modules may
be linked together by a data exchange interface. The flight
management unit may be housed in the core module and/or
the mission management unit may be housed in the supple-
mentary module.

Thus, by virtue of the installation of the mission manage-
ment unit, and of the production of an architecture with dual
modules (core and supplementary) specified hereinbelow, an
effective architecture is obtained that guarantees efficient
response times for managing a mission of an aircraft (namely
a movement on the ground and/or in flight of the aircraft
between two particular positions) and the computation of
predictions of the mission.

Furthermore, in one embodiment, the airport navigation
unit may be housed in a human/machine interface (preferably
in a display unit of this human/machine interface) linked to
the core module. In another embodiment, the airport naviga-
tion unit may be housed in a human/machine interface suit-
able for being linked to the supplementary module.

Moreover, the mission management unit may be config-
ured to distribute and synchronize prediction computations of
a mission between the flight management unit and the airport
navigation unit, in which the flight management unit is con-
figured to compute predictions of the flight phase of the
mission and the airport navigation unit is configured to com-
pute predictions of the ground phase of the mission.

According to one or more embodiments of the present
invention, which may be taken together or separately, The
flight management unit may be configured to determine a
flight trajectory and to compute predictions associated with
the flight trajectory, respectively, based on any one or more of
an optimum speed, of a minimum speed, and of a maximum
speed. The airport navigation unit may be configured to deter-
mine at least one taxiing trajectory of the ground phase and to
compute predictions associated with the taxiing trajectory,
respectively, based on any one or more of an optimum speed,
of'a minimum speed, and of a maximum speed.

Moreover, in a particular embodiment, the mission man-
agement system may comprise a human/machine interface
unit configured to enable an operator to modify mission
parameters. Preferably, the human/machine interface unit is
configured to allow the operator to modify at least one of the
following parameters:—an airport of departure; an airport of
arrival; a departure gate of the airport of departure; a takeoff
runway of the airport of departure; a landing runway of the
airport of arrival; an arrival gate of the airport of arrival; a
flight or taxiing cost index; a required time at the departure
gate, on takeoff, on landing or at the arrival gate; and a
quantity of fuel available at the departure gate, on takeoft, on
landing or at the arrival gate.

One or more aspects of the present invention may relate
also to amethod to manage a mission of an aircraft, e.g., using
the mission management system as described above. One
example method may comprise a step of distributing and
synchronizing, via the mission plan management unit, com-
putations of predictions of the mission between the flight
management unit and the airport navigation unit, predictions
of a flight phase of the mission computed by the flight man-
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agement unit and predictions of a ground phase of'the mission
computed by the airport navigation unit.

The method may also comprise:

the flight management unit determining a flight trajectory

of'the flight phase and computing predictions associated
with the flight trajectory, respectively based on any one
or more of an optimum speed, of a minimum speed, and
of'a maximum speed; and

the airport navigation unit determining at least one taxiing

trajectory of the ground phase and in computing predic-
tions associated with the taxiing trajectory, respectively
based on any one or more of an optimum speed, of a
minimum speed, and of a maximum speed.

Aspects of the present invention contemplates a constraint
being into any part of the mission of the aircraft. If the con-
straint is inserted at a takeoff point, the method may further
comprise transmitting the inserted constraint to the airport
navigation unit to determine the associated constraint on a
departure gate point and to display it.

If'the constraint is inserted on a part of the flight at alanding
point:

if the constraint lies between minimum and maximum

values computed for the flight part, then the method may
further comprise transmitting the inserted constraint to
the flight management unit to adjust a cost index and
recompute the predictions, a resulting time estimation
on takeoff being defined as a constraint at a takeoff point
to secure the downstream flight part and ensure that the
constraint is verified; and

if the constraint does not lie within the minimum and

maximum values computed for the flight part, then the
method may further comprise transmitting the inserted
constraint to the flight management unit to adjust a cost
index and recompute the predictions, a modified value
on takeoff obtained then being entered as a constraint
and supplied to the airport navigation unit to constrain
the takeoff time according to minimum and maximum
values computed for the corresponding taxiing part.

If the constraint is inserted at an arrival gate:

if the constraint lies within computed minimum and maxi-

mum values, the method may further comprise defining
the value on landing as a constraint to secure the inserted
constraint; and

if the constraint does not lie within the computed minimum

and maximum values, the method may further comprise
transmitting the inserted constraint to the airport navi-
gation unit to recompute the predictions, a modified
value on landing obtained then being entered as a con-
straint and supplied to the flight management unit for an
adjustment of the cost index and a new computation of
the predictions on the flight part.

This method notably offers the advantage of being simple
and easy to implement.

DESCRIPTION OF THE DRAWINGS

The features of the invention mentions above and below, as
well as others, will appear more clearly on reading the fol-
lowing description of examples of embodiments, the descrip-
tion being given with reference to the attached figures. In
these figures, identical references designate similar elements.

FIG. 1 is a block diagram of an example mission manage-
ment system according to an embodiment of the present
invention;

FIGS. 2 and 3 are two example embodiments of a mission
management system of the present invention; and
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FIG. 4illustrates an exemplary display on a specific page of
parameters, some of which may be modified by an operator

(e.g., a pilot).
DETAILED DESCRIPTION

For purposes of explanation and not limitation, specific
details are set forth such as particular architectures, inter-
faces, techniques, and so on. However, it will be apparent to
those skilled in the art that the technology described herein
may be practiced in other embodiments that depart from these
specific details. That is, those skilled in the art will be able to
devise various arrangements which, although not explicitly
described or shown herein, embody the principles of the
described technology.

In some instances, detailed descriptions of well-known
devices, circuits, and methods are omitted so as not to obscure
the description with unnecessary details. All statements
herein reciting principles, aspects, embodiments and
examples are intended to encompass both structural and func-
tional equivalents. Additionally, it is intended that such
equivalents include both currently known equivalents as well
as equivalents developed in the future, i.e., any elements
developed that perform same function, regardless of struc-
ture.

Thus, for example, it will be appreciated that block dia-
grams herein can represent conceptual views of illustrative
circuitry embodying principles of the technology. Similarly,
it will be appreciated that any flow charts, state transition
diagrams, pseudo code, and the like represent various pro-
cesses which may be substantially represented in computer
readable medium—transitory and/or non-transitory—and
executed by a computer or processor, whether or not such
computer or processor is explicitly shown.

The present description is given with reference to an avi-
onic system that includes a flight management system (re-
ferred to as “FMS” in aeronautical language) and an airport
navigation system of an aircraft. However, it will be under-
stood that the principles described can be applied to any
avionic system.

Below, the following standard specifications may be men-
tioned: ARINC653 (Avionics Application Standard Software
Interface), IMA (Integrated Modular Avionics (part of
ARINC653), AFDX (Avionics Full Duplex Switched Ether-
net), ARINC429 (Digital Information Transfer System), and
ARINC661 (Cockpit Display System). The contents are
incorporated by reference in their entirety.

An example mission management system 1, which is sche-
matically represented in FIG. 1, may be configured to enable
management of a mission (in the movement on the ground
and in flight) of an aircraft (not shown), such as a transport
airplane. In an embodiment, the mission management system
1 may be onboard the aircraft. The example mission manage-
ment system 1 may comprise a flight management system
(FMS) 2 configured to implement one or more functionalities
related to a management of the flight of the aircraft. In an
aspect, the flight management system 2 may comprise a flight
management unit 3 (or flight management function) as seen in
FIG. 1. The flight management unit 3 may be configured to
define and/or manage a flight plan and/or an associated flight
trajectory for a flight phase of a mission. The flight manage-
ment unit 3 may perform its function based on data entered or
otherwise available to the flight management unit 3.

The mission management system 1 may also comprise a
ground management system configured to implement one or
more functionalities related to managing the aircraft while on
the ground. As seen in FIG. 1, the ground management system
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may comprise an airport navigation unit 4 (or airport naviga-
tion function) configured to define and/or manage a ground
taxiing plan on an airport and/or an associated taxiing trajec-
tory for a ground phase of the mission. The airport navigation
unit 4 may perform its function based on data entered or
otherwise made available to the airport navigation unit 3.

The mission management system 1 may further comprise a
mission management (MM) unit 5. This mission management
unit 5 (also referred to as “Management unit 5””) may be
linked to the flight management unit 3 (as illustrated by a
double link 11 in FIG. 1) and to the airport navigation unit 4
(as illustrated by a double link 12). That is, the mission
management unit 5 may be configured to interface or other-
wise communicate with the flight management unit 3 and/or
the airport navigation unit. The mission management unit 5
may be configured to manage a continuity between the
ground and flight phases of the mission and computations of
predictions of the mission. In other words, the mission man-
agement unit 5 may manage a movement on the ground
and/or in flight of the aircraft between two particular positions
while observing certain particular conditions.

FIGS. 2 and 3 illustrate example architectural embodi-
ments of the flight management system 2 to which the mission
management system 1 may be incorporated. As seen, the
flight management system 2 may include a core module 10
and a supplementary module 20. The core module 10 (also
referred to as the standard module or standard part) may
comprise core elements configured to implement core (also
referred to as generic) functionalities such as functionalities
related to a management of a flight of the aircraft. The supple-
mentary module 20 (also referred to as the specific module or
specific part) may comprise supplementary elements config-
ured to implement specific supplementary functionalities.

As illustrated in FIGS. 2 and 3, it is preferred that the core
module 10 and the supplementary 20 are distinct, i.e., the
modules are separate. For example, the core and supplemen-
tary modules 10, 20 may respectively be implemented in core
and supplementary partitions in which the two partitions are
separate (i.e., distinct) from each other and are in conformity
with the ARINC653 standard. In this context, a partition
includes software that can be executed in a defined timeslot,
segregated from execution timeslots of other partitions (tem-
poral segregation) so that activities in one partition do not
affect timing of activities of another partition. The partitions
can also be spatially segregated from each other (generally a
memory space or input/output space) so as to prevent a par-
tition from accessing a memory space of another partition.
These different segregations may be provided by low level
logic layers. For example, an operating system may use hard-
ware clocks inside a microprocessor running the partition to
provide the temporal segregation. To provide the spatial seg-
regation, the operating system may use mechanisms for con-
trolling access to the physical space (the memory or the
input/output space) in question. It is thus seen that the core
module 10 and/or the supplementary module 20 may be
implemented in hardware or in a combination of hardware
and software. This also means that any or all core elements
and/or any or all supplementary elements may be imple-
mented in hardware or in a combination of hardware and
software.

Still in the ARINC653 context, each partition can be asso-
ciated with at least one memory sharing communications
port, called RAM ports, allowing that partition to exchange
messages with the other partitions. This exchange of mes-
sages, also referred to as interpartition communication, can
be carried out by sampling (Sampling port: the memory asso-
ciated with the port is updated on each reception of an item of
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data) or by queuing (Queuing port: the received messages are
placed in a queue). These messages, which can be sent and/or
received by a port, may include one or more of the following:
specific data requests, requests for the execution of functions
or of services, event warnings, transfers of specific messages,
transfers of files, etc.

The core module 10 and the supplementary module 20 may
be linked together by a data exchange interface 30. Through
the exchange interface 30, some or all generic functionalities
of the core module 10 may communicate with some or all
supplementary functionalities of the supplementary module
20. In architectures of FIGS. 2 and 3, the flight management
unit 3 is illustrated as being housed in the core module 10 and
the mission management unit 5 is illustrated as being housed
in supplementary module 20 (as a supplementary applica-
tion). In other words, the flight management unit 3 may be
implemented as a generic/core functionality of the core mod-
ule 10, and/or the mission management unit 5 may be imple-
mented as a supplementary functionality of the supplemen-
tary module 20. Since the functionalities of the core and
supplementary modules may be hardware or a combination of
hardware and software, the flight management unit 3 and/or
the mission management unit 5 may be hardware or a com-
bination of hardware and software.

It should noted however that it is not a requirement for the
flight management unit 3 and/or the mission management
unit 5 to be housed in the core and/or the supplementary
module 10, 20. One or both may be external to the respective
modules. However, for the remainder of this document, it may
be assumed that the flight and mission management units 3, 5
are housed in the core and supplementary modules 10, 20,
respectively unless specifically indicated otherwise.

In an aspect, the management unit 5 may be configured to
distribute and synchronize computations of predictions of a
mission between the flight management unit 3 and the airport
navigation unit 4. The predictions distributed and/or synchro-
nized by the management unit may include flight phase pre-
diction(s) computed by the flight management unit 3 and/or
ground phase prediction(s) computed by the airport naviga-
tion unit 4.

Thus, by virtue, on the one hand, of the installation of the
management unit 5 to manage the continuity between the
ground and flight phases, and, on the other hand, of the
production of an architecture with dual modules (core and
supplementary), an effective architecture is obtained that
guarantees efficient response times for managing a mission of
an aircraft (namely a movement on the ground and/or in flight
of'the aircraft between two particular positions) and the com-
putation of the predictions of the mission.

In both FIGS. 2 and 3, the airport navigation unit 4 (con-
figured to manage a taxiing of the aircraft) is illustrated to be
external to flight management system 2. It should be noted
that it is not a requirement for the airport navigation unit 4 to
be external. However, for the remainder of this document, it
may be assumed that the airport navigation unit is external to
the flight management system 2 unless specifically indicated
otherwise.

In the embodiment illustrated in FIG. 2, the airport navi-
gation unit 4 may be incorporated in an avionics part of the
mission management system 1. For example, it may be
housed or otherwise incorporated in a generic human/ma-
chine interface 41 (e.g., in a module of LRU type of a display)
linked to the core module 10. In the embodiment illustrated in
FIG. 3, the airport navigation unit 4 (or airport navigation
function or application) may be housed or otherwise incor-
porated in a specific human/machine interface 50, for
example in a portable computer. One such portable computer
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is a computer of an electronic flight kit of EFB (Electronic
Flight Bag) type, which is suitable for being connected to the
supplementary module 20 or to the core module 10. The
airport navigation unit 4 may be implemented in hardware or
in a combination of hardware and software.

Regarding the embodiment of FIG. 3, it may be assumed
that the supplementary module 20 is configured to implement
a flight plan transmission functionality to transmit the flight
plan to this portable computer. The flight plan transmission
functionality, which in this instance is a supplementary func-
tionality, may be provided as a main application which, when
executed, implements the flight plan transmission function-
ality. To implement a continuity of the ground and flight parts
at a display level (on one and the same screen), this main
application may be added into the supplementary module 20
(or an application is added into the EFB device) which
receives the flight plan from the core module 10 and displays
it on the same screen on which the airport navigation unit 4
displays the taxiing plan.

In structures with dual modules such as those illustrated in
FIGS. 2 and 3, the core module 10 of the flight management
system 2 may be configured to implement a set (one or more)
11 of functionalities related to the management of the flight of
the aircraft (e.g., the flight plan management, the fuel man-
agement, etc.). Thus, the functionalities 11 may be viewed as
the generic/core functionalities of the core module 10. Recall
that the core module 10 may comprise core elements config-
ured to implement the generic functionalities. In an embodi-
ment, each generic functionality 11 may be implemented
through a corresponding core element. These generic func-
tionalities may be either generic basic functions of the flight
management system, or functional services that are also
generic to the flight management system. These functional
services may use one or more generic functions clocked by an
operating system (not shown). The flight management unit 3
as described above can be a part of the generic functionalities
11, as seen in FIGS. 2 and 3. In other words, the flight
management unit 3 may be viewed as being one of the generic
functionalities implemented by the core module 10 (e.g.,
implemented by a flight management element).

The supplementary module 20 may be configured to imple-
ment a set (one or more) 21 of supplementary functionalities
which are specific to an entity to which the aircraft belongs,
such as a specific aircraft model, an aircraft family, an airline,
an alliance, all or part of a fleet, and so on. Recall that the
supplementary module 20 may comprise supplementary ele-
ments configured to implement the supplementary function-
alities. In an embodiment, each supplementary functionality
21 may be implemented through a supplementary core ele-
ment. These supplementary functionalities may be new func-
tions compared to the generic functions of the core module
10, or alternative functions to the generic functions of the core
module 10 to which they add behavioral modifications, or
provide supplementary services so as to supplement the ser-
vices of the core module 10 which use one or more of these
supplementary functions.

The core module 10 may include a core interface 16 con-
figured to interface with an embedded (on-board) system 40
to thereby enable the core module 10 to communicate with the
embedded system 40 of the aircraft. The embedded system 40
may comprise at least one generic human/machine interface
41 and one or more embedded (on-board) devices 42 such as
those routinely installed in an aircraft including flight instru-
ments, sensors, etc. Thus, through the core interface 16, any
or all generic functionalities 11 . . . 1z may communicate with
the generic man-machine interface 41 and/or with any or all
embedded device(s) 42. In an embodiment, the core interface

10

15

20

25

30

35

40

45

50

55

60

65

8

16 may be provided as a core interfacing application which,
when executed, implements a core interfacing functionality
thatallows the core module 10 to interface with the embedded
system 40.

The supplementary module 20 may also include a supple-
mentary interface 26 configured to interface with the
exchange interface 30 to thereby allow the supplementary
module 20 to communicate with the core module 10. Thus,
through the supplementary interface 26, any or all supple-
mentary functionalities 21 may communicate, via the
exchange interface 30, with any or all generic functionalities
11. Note that through the exchange interface 30 and the core
interface 16, the supplementary module 10 may communi-
cate with the generic human/machine interface 41, i.e., any or
all supplementary functionalities 21 may communicate with
the generic human/machine interface 41 via the exchange
interface 30 and the core interface 16. Alternatively or in
addition thereto, the supplementary interface 26 may be con-
figured to interface with the embedded system 40 without
going through the exchange interface 30. In this way, the
supplementary interface 26 can allow the supplementary
functionalities 21 to communicate directly with the embed-
ded system 40 (with the generic man-machine interface 41
and/or the embedded device(s) 42).

The supplementary interface 26 may further be configured
to interface with the specific human/machine interface 50
specific to the supplementary module 20. The generic and/or
the specific human/machine interfaces 41, 50 can may com-
prise any combination of screens (wide, touch, etc.), key-
boards, mice, trackballs, head-up viewing systems, aug-
mented reality systems, etc, and notably enables the crew to
enter data. In an embodiment, the supplementary interface 26
may provided as a supplementary interfacing application
which, when executed, implements a supplementary interfac-
ing functionality that allows the supplementary module 20 to
interface with the exchange interface 30 and/or with the
embedded system 40.

The core 10 and supplementary 20 modules may commu-
nicate with one another, for example, through an AFDX
(“Avionics Full Duplex Switched Ethernet”) network, an Eth-
ernet network or an ARINC429 (Digital Information Transfer
System) network, or via a RAM port or a shared memory.

The core module 10 can further comprise a set of elements
12 configured to implement a database and/or a maintenance
functionality.

By virtue of this structure with two distinct modules, the
supplementary elements/functionalities of the supplementary
module 20 may be incorporated into the flight management
system 2 without requiring any modification of the generic
functionalities/elements of the core module 10 and, thereby,
use only the functions and functional services of said core
module which it offers (in this case the generic functionalities
of'the flight management system). Also, these supplementary
functionalities can be developed independently of the core
module 10.

From one perspective, the airport navigation unit 4 of the
mission management system 1 may be viewed as having a
role for the ground phase of mission that is equivalent to the
role of the flight management unit 3 for the airborne phase,
e.g., defining and managing taxiing plans and taxiing trajec-
tories of the aircraft.

Moreover, it may be assumed that functionalities are
implemented both in the flight management unit 3 and in the
airport navigation unit 4, to compute minimum and maximum
values for each phase of the mission, as well as logics (for
example in the flight management unit 3, in the airport navi-
gation unit 4, and/or in the management unit 5) to manage
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constraints or conditions inserted into the mission. Each of
the units should be capable of performing new computations
on its part (ground or flight) with a different speed to satisfy
each constraint on another part (ground or flight).

The flight management unit 3 and the airport navigation
unit 4 should be responsible for displaying the parts of the
flight and on the ground of each trajectory. Preferably, the
mission management unit 5 need only to manage the conti-
nuity predictions based on minimum and maximum time
information, compiled by the flight management unit 3 and
the airport navigation unit 4 at hinge points of the mission
(ground/flight transitions).

Preferably, the management unit 5 is configured to provide
management of monitoring of continuity and of consistency
between the different parts of the mission and of the mission
trajectory. The management unit 5 thus may be configured to
perform an adaptation and/or a synchronization between the
flight management unit 3 and the airport navigation unit 4.

Referring back to FIG. 1, the mission management system
1 may further comprise a display 6 which linked to the units
3,4 and 5, respectively by the double links 13, 14 and 15, i.e.,
the display 6 may be configured to communicate with any of
the flight management unit 3, the airport navigation unit 4 and
the mission management unit to thereby display information
provided by these units.

The mission management system 1 may additionally com-
prise a guiding unit 7 linked to the units 3 and 4 respectively
by the links 16 and 17, i.e., the guiding unit 7 may be config-
ured to communicate with the flight management unit 3 and/
or the airport navigation unit 4. The guiding unit 7 can com-
prise an automatic piloting system. Preferably, the automatic
piloting system may be put in a managed mode (that is to say,
it follows the flight plan of the flight management unit 3).
Guiding instructions may be transmitted to the guiding unit 7
to keep the aircraft on the trajectory (from the position of the
aircraft and the route deviation).

Regarding the display 6, can comprise a cockpit screen,
such as a screen of ND (“Navigation Display”) type or of
MFD (“Multi Function Display™) type, which is associated
with a human/machine interface unit such as a keyboard, to
interact with the screen. If the airport navigation unit 4 is
housed in the generic human/machine interface 41 as seen in
FIG. 2, the display 7 may be assumed to comprise a screen of
this generic human/machine interface 41. If the airport navi-
gation unit 4 is housed in the specific human/machine inter-
face 50 as seen in FIG. 3, the screen of the display 7 corre-
sponds to a screen of the EFB device or one of the screens of
the interfaces 41 of the cockpit.

The example mission management system 1 described
above offers at least the following advantages: simplicity,
flexibility, enhanced efficiency, and minimal impact on the
flight management unit 3 and on the existing airport naviga-
tion unit 4.

In an embodiment, for each taxiing part (from a gate to a
runway or vice versa) of the mission (on the airport of depar-
ture or of arrival), the airport navigation unit 4 may be con-
figured to define the taxiing plan. The taxiing plan may be
defined based on input from the crew and/or data received
from the ground (from air traffic control). The crew can load
a predefined route into a database, or enter a list of surface
elements ofthe airport (gate, runway, taxiing lane, etc.) stored
in a database.

Generally, there is no automatic transition between the
flight management unit 3 and the airport navigation unit 4: the
information from the flight management unit 3 and the airport
navigation unit 4 is displayed on the screen exclusively of one
another upon a command from the crew. That is, in conven-
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tional avionics systems, the flight management unit and the
airport navigation unit operate independently of each other.

However, one or more aspects of the present invention
makes it possible to manage the continuity of the different
phases (ground/in the air) of the mission without transition,
even automatically, and to provide a continuous display by
presenting both ground and flight information on the same
screen with no display discontinuity.

Inthe case of a movement from a boarding gate to a landing
gate for example, the airport navigation unit 4 is responsible,
for each of the two parts of the ground phase (the taxiing
before takeoff and the taxiing after landing), for computing
the taxiing trajectory corresponding to the taxiing plan in
effect. The taxiing plan may be selected by the crew and/or
may be updated automatically by the use of a communication
from the ground to the aircraft. To enable such capabilities,
the airport navigation unit 4 may be configured to determine
at least one ground taxiing trajectory of a ground phase, and
to compute predictions associated with each taxiing trajec-
tory. Each trajectory and the associated predictions may be
based on a speed of the aircraft corresponding to that trajec-
tory. For example, a trajectory and predictions maybe based
an optimum speed, another trajectory and predictions may be
based on a minimum speed, and yet another trajectory and
predictions may be based on a maximum speed.

Preferably, the computation of the taxiing trajectory
includes at least two distinct computations—one each for
minimum and maximum time estimations, based on two pre-
defined taxiing speeds. Also a third computation may be made
based on a usual operational speed for a more realistic esti-
mation. The usual operational speed may be predefined and/
or originate from a cost index CI, supplied for example by the
core module 10 of the flight management system 2. Of course,
computations may be made based on more than one interme-
diate speed. Types of computations (not exhaustive) that the
airport navigation unit 4 may make include the estimated
times of arrival (ETA), minimum and maximum, and the
estimated quantity of fuel on board EFOB (Estimated Fuel
On Board), at the last point of each taxiing phase, based on the
maximum and minimum speeds and/or of the estimated time
ofarrival ETA and/or of the required time of arrival RTA at the
first point of the taxiing phase concerned. Note that ETA(s)
based on intermediate taxiing speed(s) as well as EFOBs
corresponding to the intermediate speed(s) may be computed
as well.

Thus, with regard to the ground phase the airport naviga-
tion unit 4 may compute the timet (e.g., ETA) for each taxiing
phase by integrating the mechanics equation for the point
t=d/v (distance d over speed v) over the entire taxiing phase,
the distance d being set (length of the path followed). For each
speed, a duration may be obtained, and therefore an estimated
schedule to reach a particular point corresponding to the
speed may also be obtained. For example, assume that three
speeds—min, max, usual—are selected. From these three
speeds concerned, three durations can be obtained, therefore
three estimated schedules may be obtained for reaching an
end-of-taxiing point (last point of the taxiing phase con-
cerned). It is contemplated that the time computation can
involve more complicated integrations with more complex
speed profiles (turns, etc.).

For computation involving the fuel in the ground phase, the
airport navigation unit 4 may determine the quantity of fuel
consumed per unit of time, as a function of the speed. By
aggregating all these quantities over the duration of the taxi-
ing phase, the airport navigation unit 4 may obtain the fuel
consumption is obtained and thus deduce therefrom the quan-
tity of fuel remaining at the end-of-taxiing point. In an
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embodiment, the airport navigation may consult a fuel con-
sumption table providing values for fuel consumption quan-
tity per unit time as a function of the speed. The fuel con-
sumption table may be incorporated into or otherwise made
available to the airport navigation unit 4.

For the flight phase, it is suitable, usually, to integrate the
flight mechanics equations. Preferably, the computation is not
performed only for a single speed hypothesis (the optimum
speed for the cost index CI entered) as in the usual situation,
but is performed for at least three different speeds (or three
different cost indices: minimum index, maximum index and
index entered by the crew). The cost parameter or index CI
entered by the crew at the start of the flight makes it possible
to establish a ratio to be followed between the time-dependent
costs and costs linked to the fuel consumption.

Thus, the mission management system 1 may be config-
ured to compute the trajectory of the mission and the associ-
ated predictions based on an optimum (e.g., an intermediate)
speed. Preferably, the mission management system 1 also
performs two other computations, one at the minimum speed
and the other at the maximum speed, to determine ranges of
possibilities of the aircraft (minimum and maximum capacity
in terms of travel time, quantity of fuel for each part of the
mission) in order to be able to manage any time and/or fuel
constraints inserted by the crew and to adapt to the speed on
each part of the mission to satisfy these constraints.

In an embodiment, the airport navigation unit 4 may be
configured to enable the crew and/or the management unit 5
to insert one or more time constraints on the first and/or last
points of each taxiing plan. The airport navigation unit 4 may:

estimate the duration of each taxiing part;

compute the required departure time of the taxiing part,

based on one or more time constraints at the takeoff
point (the takeoff point time constraint(s) may be
inserted directly by the crew and/or may be computed by
the management unit 5 based on one or more down-
stream constraints); and

estimate the time of arrival at the destination gate, based on

one or more time constraints at the landing point (the
landing point time constraint(s) may be inserted directly
by the crew) and/or based on an estimated landing time
(the estimated landing time may be supplied by the
management unit 5).

Preferably, the mission management system 1 enable crew
insert constraints to each part of the plan to perform the
mission. Thus, when appropriate, the management unit 5 may
request the airport navigation unit 4 and/or the flight manage-
ment unit 3 to recompute the predictions by imposing a speed
that is different from the optimum speed to observe con-
straints (time or fuel) more downstream in the mission. If no
constraint is defined in the mission, the required departure
time for the taxiing part may be left to the crew and/or
deduced from the current time.

In one or more aspects, the flight management unit 3 is
responsible, for each flight part of the mission (from a first
point to a second point), to define the flight plan, which may
be based on input from the crew and/or based on information
received by a communication from the ground (from air traf-
fic control). The crew may load a predefined route into a
database. The flight management unit 3 may also be config-
ured to compute the flight trajectory corresponding to the
selected flight plan (e.g., selected by the crew) and/or the
trajectory corresponding to the flight plan updated automati-
cally by a communication from the ground to the aircraft. The
flight management unit 3 may further be configured to com-
pute predictions associated with the flight trajectory, based on
the aircraft speed (e.g., based on any or all of an optimum
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speed, of a minimum speed, and of a maximum speed). Note
that more than one intermediate flight speed is contemplated.

Preferably, the computation of the flight trajectory includes
at least two distinct computations—one each for minimum
and maximum time estimations, based on two predefined
flight speeds. Also a third computation may be made based on
ausual operational speed for a more realistic estimation. The
usual operational speed may be predefined or originate from
the cost index CI supplied by the core module 10 of the flight
management system 2. Of course, the computations may be
made based on more than one intermediate speed. Types of
computations (not exhaustive) that the flight management
unit 3 may make include the minimum and maximum ETA
times and the EFOB quantity at the final point of each flight
phase, based on the maximum and minimum speeds and the
ETA or RTA time at the first point of the flight phase con-
cerned. Note that ETA times based on intermediate flight
speed(s) as well as EFOBs corresponding to the intermediate
speed(s) may be computed as well.

In an embodiment, the flight management unit 3 may be
configured enable the crew and/or the management unit 5 to
insert one or more time constraints on the first and/or last
points of each flight plan. The flight management unit 3 may:

estimate the duration of each flight part;

compute the required departure time of the flight part (e.g.,

first point of the flight part), based on one or more time
constraint on takeoff (or at another point) (the time con-
straint(s) may be entered directly by the crew and/or may
be computed by the management unit 5 based on one or
more downstream constraints; and

estimate the time of arrival at the destination point of the

flight part, based on one or more time constraints (the
time constraints may be entered directly by the crew)
and/or based on the estimated landing time (or another
time) (the estimated landing time and/or another time
may be supplied by the management unit 5).

If no constraint is defined in the mission, the required
departure time at the first point may be left to the crew and/or
deduced from the current time.

The management unit 5 may be configured to generate a
mission for the aircraft at least for a display by a screen on a
specific page. On this specific page, some or all parts of the
mission can be displayed in the form of a list of waypoints,
based on concatenation:

of the departure taxiing plan (if the aircraft is still in the

pre-flight phase) supplied by the airport navigation unit
4;

of'the flight plan (if the aircraft has not yet landed) supplied

by the flight management unit 3; and

ofthe arrival taxiing plan supplied by the airport navigation

unit 4.

The complete mission (all three parts) thus defined may be
available for the display. However, just one part (or section of
one part) may be active at a given moment for guidance. When
the last section of a part has been sequenced, the first section
of the next part can be activated.

In the context of the present invention, the usual interfaces
may display of each part of the mission associated with each
unit (flight management unit 3 and airport navigation unit 4).
This architecture is advantageous, because it avoids the
latency regarding the concatenation performed by the man-
agement unit 5.

The management unit 5 may be accessible via the specific
page displayed on a screen (ND, MFD) of the cockpit. This
page preferably provides a view of the most important infor-
mation both for the taxiing and for the flight phases, as rep-



US 9,323,248 B2

13

resented by way of illustration in FIG. 4. The page should
display and allow the modification of any one or more of the
following parameters:

the airport of departure or of origin (“FROM™: e.g.,
“LFBO” in FIG. 4) and the airport of arrival or of desti-
nation (“TO”: e.g., “LFMN™);

the departure gate (“Departure gate™ e.g., “GATE 1) out
of the gates associated with the airport of origin;

the takeoff runway (“Takeoff”: e.g., “LFBO14L”) out of
the runways associated with the airport of origin;

the landing runway (“Landing”: e.g., “LFMNOA4L”) out of
the runways associated with the airport of destination;

the arrival gate (“Arrival gate™: e.g., “GATE2”) out of the
gates associated with the airport of destination;

a flight and/or taxiing cost;

atime of arrival at the departure gate, on takeoff, onlanding
and at the arrival gate; and

a quantity of fuel on board at the departure gate, on takeoff,
on landing or at the arrival gate.

This specific page may therefore be displayed on a human/
machine interface unit which enables an operator to modify
certain parameters of the mission. The page in F1G. 4 displays
the summary information of each of the component parts of
the mission:

UTC: predicted time at the departure gate (“Departure
gate”), on takeoff (“Takeoff”), on landing (“Landing™)
and at the arrival gate (“Arrival gate™);

FOB: the quantity of fuel on board predicted at the depar-
ture gate, on takeoff, on landing and at the arrival gate;

D: the duration of the departure taxiing phase, of the flight
phase and of the arrival taxiing phase. As an illustration,
for the flight phase (between the takeoff and landing),
the duration D represents 50 minutes (“00:50”) in the
example of FIG. 4; and

F: the predicted quantity of fuel used during the departure
taxiing phase, the flight phase and the arrival taxiing
phase. As an illustration, for the flight phase, the pre-
dicted quantity of fuel used F represents 17 tons (“17.0
T”) in the example of FIG. 4.

In particular, to be able to adapt the progress of the mission
(speed it up for example) to the constraints encountered (de-
lay, air traffic management), the mission management system
1 may be configured to provide the crew with an option to
insert time and/or fuel constraints at one or more of the
following four points: departure gate, takeoff, landing, and
arrival gate.

The mission management system 1 as described above
makes it possible to accurately compute the flight predictions
of an aircraft, from the boarding gate to the landing gate, even
in the case of a flight plan revision. It makes it possible to
manage constraints entered at each part of the mission, syn-
chronizing the various parts via the management unit 5. The
mission management system 1 may implement a method that
makes it possible to perform the synchronization, which is
simple and easy to implement, through an exchange of mini-
mum/maximum parameters instead of complete taxiing and
flight plans. Example operations of the mission management
system 1 are described hereinbelow for various parameter
modifications.

A modification of the airport of origin or of destination on
the specific page by the crew can lead to both the flight plan
(flight management unit 3) and the taxiing plan (airport navi-
gation unit 4) being updated:

the flight management unit 3 (of the core module 10 of the
flight management system 2) may manage the modifi-
cation of the airport of origin or of destination; and
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regarding the airport navigation unit 4, the taxiing plan and
the associated taxiing trajectory (on the airport of origin
or of destination) may be deleted until a runway and/or
a gate is defined on this airport.
A modification of the departure and/or of the arrival gate on
the specific page may impact the taxiing plan. The airport
navigation unit 4 may recompute the new taxiing plan and the
taxiing trajectory. The airport navigation unit 4 may also
export the computation(s) to the management unit 5.
A modification of the departure and/or of the arrival run-
way on the specific can impact the taxiing plan and/or the
flight plan:
the airport navigation unit 4 may recompute the new taxi-
ing plan and the associated taxiing trajectory, and may
also export the computation(s) to the management unit
5;

the flight management unit 3 (of the core module 10 of the
flight management system 2) may modify the flight plan
and the associated flight trajectory, and may also export
the modification(s) to the management unit 5.
Furthermore, an insertion of time and/or fuel constraint(s)
into any part of the mission should be propagated to all the
preceding parts. If a constraint is inserted or otherwise
defined at the takeoff point, this constraint should be trans-
mitted to the airport navigation unit 4 to determine and dis-
play the associated constraint on the departure gate point.
Ifthe time/fuel constraint is entered on a part of the flight or
at the landing point, then different actions may be taken
depending on the constraint value:
if the constraint lies between the minimum and maximum
values computed for the flight part, the constraint may be
transmitted or otherwise provided to the flight manage-
ment unit 3, to adjust the cost index CI and to recompute
the predictions. The resulting time estimation on takeoff
(if the aircraft is not yet in the air), may be defined or
otherwise provided as a constraint at the takeoff point to
secure the downstream flight part and ensure that the
constraint is verified;
if the constraint does not lie within the minimum and
maximum values computed for the flight part, the con-
straint may be transmitted to the flight management unit
3, to adjust the cost index CI and recompute the predic-
tions. The resulting modified value on takeoff may be
inserted or otherwise provided as a constraint to the
airport navigation unit 4 so as to constrain the takeoff
time according to the minimum and maximum values
computed for the corresponding taxiing part.
Ifthe time/fuel constraint is entered at the arrival gate, then
different actions may be taken depending on the constraint
value:
if the constraint lies within the computed minimum and
maximum values, the value on landing may be defined as
a constraint to secure the constraint entered;

ifthe constraint does not lie within the computed minimum
and maximum values, this constraint may be transmitted
to the airport navigation unit 4 to recompute the predic-
tions. The resulting modified value on landing may be
entered as a constraint transmitted to the flight manage-
ment unit 3 for an adjustment of the cost index Cl and a
new computation of the predictions on the flight part.

In the example presented below, it is assumed that an
operator, e.g., the pilot, adds a fuel constraint. This entry may
also be applied as a time constraint. In effect, the pilot enters
a fuel value on a point of the flight plan, the mission manage-
ment system 1 may vary the speed (via the cost index) along
the trajectory iteratively to make the computation of the pre-
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dictions converge on this fuel value. The fuel constraints can
be entered in a dedicated page, as for the time constraints.

The management unit 5 which receives the constraint and
the minimum and maximum values of the times and the
quantity of fuel at the hinge points of the mission may request
the flight plan management and the airport navigation units 3
and 4 to recompute the predictions on their respective phases
of'the mission with a different speed hypothesis to observe the
constraint. The flight plan may not change, but the predictions
at each point may change to observe the entered constraint.

While at least one exemplary embodiment of the present
invention has been shown and described, it should be under-
stood that modifications, substitutions and alternatives may
be apparent to one of ordinary skill in the art and can be made
without departing from the scope of the invention described
herein. This application is intended to cover any adaptations
or variations of the specific embodiments discussed herein. In
addition, in this application, the terms “comprise” or “com-
prising” do not exclude other elements or steps, the terms “a”
or “one” do not exclude a plural number and the term “or”
means either or both. Furthermore, characteristics or steps
which have been described with reference to one of the above
exemplary embodiments may also be used in combination
with other characteristics or steps of other exemplary embodi-
ments described above.

The invention claimed is:

1. A mission management system configured to manage a
mission of an aircraft, the mission management system being
located onboard the aircraft and comprising:

a flight management system comprising a flight manage-
ment unit, the flight management unit being configured
to define and manage a flight plan and an associated
flight trajectory for a flight phase of the mission;

an airport navigation unit configured to define and manage
a ground taxiing plan on an airport and an associated
taxiing trajectory for at least one ground phase of the
mission; and

a mission management unit linked to the flight manage-
ment unit and to the airport navigation unit and being
configured to manage a continuity between the ground
and flight phases of the mission and mission prediction
computations,

wherein said flight management system has an architecture
comprising:

a core module configured to implement generic func-
tionalities related to the management of the flight of
the aircraft;

a supplementary module distinct from the core module
and configured to implement specific supplementary
functions different from the generic functionalities
implemented by the core module;

a data exchange interface configured to link together the
core and supplementary modules, and

wherein the flight management unit is housed in the core
module and the mission management unit is housed in
the supplementary module.

2. The mission management system as claimed in claim 1,
wherein the airport navigation unit is housed in a generic
human/machine interface linked to the core module.

3. The mission management system as claimed in claim 1,
wherein the airport navigation unit is housed in a specific
human/machine interface suitably linked to the supplemen-
tary module.
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4. The mission management system as claimed in claim 1,

wherein the mission management unit is configured to
distribute and synchronize prediction computations of
the mission between the flight management unit and the
airport navigation unit, and

wherein the flight management unit is configured to com-

pute predictions of the flight phase of the mission and the
airport navigation unit is configured to compute predic-
tions of the ground phase of the mission.

5. The mission management system as claimed in claim 1,
wherein the flight management unit is configured to deter-
mine the flight trajectory and to compute predictions associ-
ated with the flight trajectory, respectively based on an opti-
mum flight speed, a minimum flight speed, and a maximum
flight speed.

6. The mission management system as claimed in claim 1,
wherein the airport navigation unit is configured to determine
at least one taxiing trajectory of the ground phase and to
compute predictions associated with the taxiing trajectory,
respectively based on an optimum ground speed, a minimum
ground speed, and a maximum ground speed.

7. The mission management system as claimed in claim 1,
further comprising a human/machine interface unit config-
ured to enable an operator to modify mission parameters.

8. The mission management system as claimed in claim 7,
wherein the interface unit is configured to allow the operator
to modify at least one of the following parameters:

an airport of departure;

an airport of arrival;

a departure gate of the airport of departure;

a takeoff runway of the airport of departure;

a landing runway of the airport of arrival;

an arrival gate of the airport of arrival;

a flight and/or taxiing cost index;

a required time at the departure gate, on takeoff, on landing

and/or at the arrival gate; and

a quantity of fuel available at the departure gate, on takeoff,

on landing and/or at the arrival gate.

9. A method of operating a mission management system to
manage a mission of an aircraft, the mission management
system being located onboard the aircraft and comprising a
flight management system comprising a flight management
unit, an airport navigation unit, and a mission management
unit linked to the flight management unit and to the airport
navigation unit, the method comprising:

distributing and synchronizing, by the mission manage-

ment unit, computations of predictions of the mission
between the flight management unit and the airport navi-
gation unit,

wherein predictions of a flight phase of the mission are

computed by the flight management unit and predictions
of a ground phase of the mission are computed by the
airport navigation unit.

10. The method as claimed in claim 9, further comprising:

the flight management unit determining a flight trajectory

of the flight phase and computing predictions associated
with the flight trajectory, respectively based on an opti-
mum flight speed, a minimum flight speed, and a maxi-
mum flight speed; and

the airport navigation unit determining at least one taxiing

trajectory of the ground phase and computing predic-
tions associated with the taxiing trajectory, respectively
based on an optimum ground speed, a minimum ground
speed, and a maximum ground speed.
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11. The method as claimed in claim 9, further comprising:
upon an insertion of a takeoff point constraint, which is a
constraint inserted at a takeoff point, transmitting the
takeoff point constraint to the airport navigation unit to
determine and display an associated constraint on a
departure gate point;
upon an insertion of a landing point constraint, which is a
constraint inserted on a part of the flight at a landing
point:
if the landing point constraint lies between minimum
and maximum values computed for the flight part,
transmitting the landing constraint to the flight man-
agement unit to adjust a cost index and recompute the
predictions, a resulting time estimation on takeoff
being defined as a constraint at a takeoff point to
secure a downstream flight part and ensure that the
constraint is verified; and
if the landing point constraint does not lie within the
minimum and maximum values computed for the
flight part, transmitting the landing point it to the
flight management unit to adjust a cost index and
recompute the predictions, a modified value on take-
off obtained then being entered as a constraint and
supplied to the airport navigation unit to constrain a
takeoff time according to minimum and maximum
values computed for a corresponding taxiing part; and
upon an insertion of an arrival gate constraint, which is a
constraint is inserted at an arrival gate:
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if the arrival gate constraint lies within computed mini-
mum and maximum values, defining the value on
landing as a constraint to secure the constraint
entered; and

if the arrival gate constraint does not lie within the com-
puted minimum and maximum values, transmitting
the arrival gate constraint to the airport navigation unit
to recompute the predictions, a modified value on
landing obtained then being entered as a constraint
and supplied to the flight management unit for an
adjustment of the cost index and a new computation of
the predictions on the flight part.

12. The mission management system as claimed in claim 1,
wherein the supplementary functions are new functions com-
pared to the generic functionalities of the core module, alter-
native functions to the generic functionalities of the core
module to which the supplementary functions add behavioral
modifications, and/or which provide supplementary services
s0 as to supplement services of the core module which uses
one or more of the supplementary functions.

13. The mission management system as claimed in claim 1,
wherein the supplementary functions are specific to an entity
to which the aircraft belongs.

14. The mission management system as claimed in claim
13, wherein the supplementary functions specific to an entity
to which the aircraft belongs include a specific aircraft model,
a family of aircraft, a company, an alliance and/or all or part
of a fleet of aircraft.



